(19) 



J 



Europfiisches Patentamt 
European Patent Office 
Office europ^en des brevets 



(11) 



EP 1 347 252 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

24.09.2003 Bulletin 2003/39 

(21) Application number 01978959.3 

(22) Dateof filing: 30.10.2001 



(51) lntCl.7: F25B 9/14 

(86) International application number: 
PCT/JP01/09527 

(87) International publication number: 

WO 02/037036 (10.05.2002 Gazette 2002/19) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 

(30) Priority: 01.11.2000 JP 2000334199 

(71) Applicant: SHARP KABUSHIKI KAISHA 
Osaka-Shi. Osaka-fu 545-0013 (JP) 



(72) Inventor: OGURA. Yoshiaki 

Sakal-shI, Osaka 599-8124 (JP) 

(74) Representative: Brown, Kenneth Richard et al 
R.G.C. Jenkins & Co. 
26 Caxton Street 
London SW1H0RJ (GB) 



(54) STIRLING REFRIGERATING MACHINE 

(57) A Stirling refrigerator has an outer yoke assem- 
bly (11) provided as an outer yoke constituting a linear 
motor (16) and has a piston-support-sprihg support 
member (14A) and a displacer-support-spring support 
member (14B) that are supported by the outer yoke as- 
sembly (1 1 ) for fixing a piston support spring (5) and a 



displacer support spring (6) respectively. By the above- 
described stmcture, It is achieved to facilitate handling, 
in assembly of mass production, of a bobbin/coil and an 
outer yoke of an outer yoke txxly constituting the linear 
motor and reduce the size of the outer shape of a casing. 
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Description 
Technical Fieid 

[0001] The present invention relates to a Stirling re- 5 
f rigerator used for generation of low temperatures and 
more specifically, to a structure of a linear motor for re- 
ciprocating a piston, a structure of piston elastic support 
means supporting the piston and a structure of displacer 
elastic support means supporting a displacer. io 

Background Art 

[0002] A free-piston Stirling refrigerator for generating 
cold heat is also called reverse Stiriing refrigerator in 
terms of heat cycle. This Stiriing refrigerator has a struc- 
ture as described below with reference to Fig. 12. 
[0003] A conventional Stiriing refrigerator 1 0OE has a 
cylinder 3 including a linearly reciprocating piston 1 and 
a displacer 2. Piston 1 and displacer 2 are coaxially 
structured and a rod 2a formed on displacer 2 passes 
through a slide hole la provided in a central part in the 
axial direction of piston 1. Piston 1 and displacer 2 are 
provided to be smoothly slidable along an inner-periph- 
ery slide surface 3a of cylinder 3. 
[0004] At an upper part (on the right side in Fig. 12) 
of rod 2a formed on displacer 2, respective central parts 
of a piston support spring 5 and a displacer support 
spring 6 are fixed. Piston support spring 5 and displacer 
support spring 6 are each in the shape of a spiral disk- 
like panel. 

[0005] Piston 1 is elasttcally fixed with respect to cas- 
ing 1 5 by piston support spring 5 supported by a support 
member 31 fixed to casing 15. Displacer 2 is also elas- 
tically fixed with respect to casing 15 by displacer sup- 
port spring 6 supported by support member 31 . 
[0006] The internal space formed by cylinder 3 is di- 
vided into two spaces by piston 1 . Afrrst space is a work- 
ing space 7 formed at the side of displacer 2 with respect 
to piston 1 . A second space is a back space 8 formed 
at the opposite side of displacer 2 with respect to piston 
1. These two spaces are filled with such a working me- 
dium as helium gas at high pressure. 
[0007] A linear motor 16 includes an inner yoke 13 
fixed to cylinder 3, an outer yoke body 9 formed of an 
outer yoke 9b placed with a predetermined gap between 
itself and inner yoke 13 to enclose a bobbin/coil 9a, and 
a permanent magnet 12 attached to piston 1 and placed 
in the gap between inner yoke 13 and outer yoke 9b. 
Outer yoke 9b is fixed to casing 1 5 by a positioning block 
30 supported by support member 31. 
[0008] Piston 1 is axially reciprocated at predeter- 
mined cycles by the action of linear motor 16. The re- 
ciprocating motion of piston 1 causes the working me- 
dium to be repeatedly compressed and expanded in 
woridng space 7. Displacer 2 is lineariy reciprocated by 
a change in pressure of the woricing medium which is 
compressed and expanded in working space 7. Piston 



1 and displacer 2 are configured to reciprocate at the 
same cycles with a phase difference therebetween of 
approximately 90®. 

[0009] Woridng space 7 is further divided into two 
spaces by displacer 2. A first working space is a com- 
pression space 7a located l3etween piston 1 and dis- 
placer 2. A second working space is an expansion space 
7b at the top of cylinder 3. Compression space 7a and 
expansion space 7b are coupled via a regenerator 4. 
Regenerator 4 is formed of a mesh-shaped copper 
member for example. 

[0010] The working medium in expansion space 7b 
generates cold heat at a cold head 3c at the top of cyl- 
inder 3. Reverse Stiriing heat cycle such as this principle 
of generation of cold heat is a well-known art and thus 
description thereof is not provided here. 
[0011] Stiriing refrigerator 100E of the above-dis- 
cussed structure, however, has following problems. 
[0012] first, components of coil/isobbin 9a and outer 
yoke 9b have low strength and thus these components 
must be handled carefully in assembly of mass produc- 
tion. Second, in the structure as shown in Fig. 12 with 
piston support spring 5 and displacer support spring 6 
fixed to casing 15. support memt}er 31 fixed to casing 
1 5 has to be extended to the positions of piston support 
spring 5 and displacer support spring 6, resulting in in- 
crease in size of the outer shape of casing 15 to make 
it necessary to increase the thickness of a material for 
casing 15 In terms of strength. 

Disclosure of the Invention 

[001 3] One object of the present invention is to pro- 
vide a Stiriing refrigerator by which handling in assembly 
of mass production of a coil/bobbin and an outer yoke 
of an outer yoke bo6y constituting a linear motor can be 
fadlitated and a casing can be reduced in size of its out- 
er shape. 

[001 4] A Stiriing refrigerator according to tlie present 
invention includes a casing, a cylinder provided in the 
casing, a piston provided in the cylinder to be made 
movable in a reciprocating manner in the axial direction 
of the cylinder by a linear motor provided on an outer 
surface of tiie cylinder, and a displacer provided in the 
cylinder to form a compression space between itself and 
the piston in the cylinder and to be movable in a recip- 
rocating manner in the axial direction. The linear motor 
includes an inner yoke provided on the outer surface of 
the cylinder, an outer yoke assembly provided to the 
casing to enctose the inner yoke, and a penmanent mag- 
net placed in a gap between the inner yoke and the outer 
yoke assembly and coupled to the piston. The outer 
yoke assembly includes a tx)bbln/coil placed to face the 
inner yoke, an outer yoke provided to cover the bobbin/ 
coil from the casing and in the axial direction, and a pair 
of ring-shaped holding members provided to hold the 
outer yoke therebetween in the axial direction; 
[001 5] The pair of ring-shaped holding memk>er8 can 
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thus be provided to achieve an integral structure hold- 
ing, between the paired holding members, the coil/bob- 
bin and the outer yoke of the outer yoke body which con- 
stitutes the linear motor. Accordingly, an integral 
strength can be obtained from the outer yoke assembly s 
in assembly of the Stirling refrigerator to facilitate han- 
dling of the outer yoke assembly. 
[001 6] Preferably, according to the present invention, 
the Stirling refrigerator further includes piston support 
means for elastically supporting the piston with respect io 
to the casing to make the piston movable in a recipro- 
cating manner in the cylinder, and displacer support 
means for elastically supporting the displacer with re- 
spect to the casing to make the displacer movable in a 
reciprocating manner in the cylinder. The piston support is 
means includes a first elastic memt>er coupled to the 
piston and first-elastic-member support means for sup- 
porting the first elastic memt)er and fixed to an end in 
the axial direction of the outer yoke assembly. The dis- 
placer support means includes a second elastic mem- 20 
ber coupled to the displacer and second-elastic-mem- 
ber support means for supporting the second elastic 
member and fixed to the end in the axial direction of the 
outer yoke assembly. 

[0017] This structure can be employed to place the 25 
first-etastic-member support means and the second- 
elastic-memk>er support means on the upper side of the 
linear motor and thereby reduce the size of the outer 
shape of the casing. Accordingly, in terms of the strength 
of the casing, the thickness of the casing can be reduced 30 
and thus the weight and cost of the Stirling refrigerator 
can be reduced. 

[0018] As for the conventional structure, the support 
means is constituted of a long member passing along 
the side of the linear motor, resulting in accidental de- 35 
formation of the long member in assembly of the Stirling 
refrigerator to make it difficult to define the center of axis 
of each component. According to the present invention, 
such a situation can be avoided. 

[0019] Sti 1 1 preferably, according to the present inven- 40 
tion, the first elastic member and the second elastic 
member are substantially disk-shaped, and the first 
elastic member has an outer diameter smaller than that 
of ttie second elastic member and the first-elastic-mem- 
ber support means is placed at a height lower than that 45 
of second-elastic-memk>er support means. 
[0020] This structure can be employed to prevent one 
of respective fastening parts at which the first-elastic- 
member support means and the second-elastic-mem- 
ber support means are respectively fastened from influ- so 
encing the other fastening part In other words, as these 
components are independentiy fixed to the elastic menv 
ber support means, the elastic members never come 
apart and thus the Stiriing refrigerator can be improved 
in its reliability. ss 
[0021 ] Still preferably, according to the present inven- 
tion, the first-elasttc^member support means and the 
second-elastic-member support means are provided at 



a ring-shaped base plate. Still more preferably, accord- 
ing to the present Invention, the first-elastic-member 
support means and the second-elastic-member support 
means are post-shaped. This stnjcture can be em- 
ployed to improve the working efficiency in attachment 
of tiie first elastic member and the second elastic mem- 
ber each. 

[0022] Still preferably, according to the present inven- 
tion, one holding member of the paired holding mem- 
bers is provided integrally with the ring-shaped base 
plate. This structure can be employed to reduce tiie 
number of components. 

Brief Description of the Drawings 

[0023] 

Fig. 1 is a cross-sectional view showing an entire 
structure of a Stiriing refrigerator 1 0CA according to 
a first embodiment. 

Figs. 2 A and 2B are first drawings showing a sti-uc- 
ture of an outer yoke body 9. 
Figs. 3A and 38 are second drawings showing the 
structure of outer yoke body 9. 
Figs. 4A and 4B show a sti^ucture of an outer yoke 
assembly 11 and assembling thereof. 
Figs. 5A and 5B show a structure of a piston-sup- 
port-spring support member 14A. 
Fig. 6 is a cross-sectional view showing an entire 
structure of a Stirling refrigerator 1 DOB according to 
a second embodiment. 

Figs. 7A and 7B show a structure of a piston-sup- 
port-spring support memt>er 14C. 
Fig. 8 is a cross-sectional view showing an entire 
structure of a Stiriing refrigerator 100C according to 
a third embodiment 

Figs. 9A and 9B show a structure of a piston-sup- 
port-spring support member 14D. 
Fig. 10 is a cross-sectional view showing an entire 
structure of a Stiriing refrigerator 1 0DD according to 
a fourth embodiment. 

Figs. IIAand 118 show a structure of a piston-sup- 
port-spring support member 14E. 
Fig. 12 is a cross-sectional view schematically 
showing a structure of a Stiriing refrigerator accord- 
ing to a conventional art. 

Best Modes for Carrying Out the Invention 

[0024] A stiucture of a Stiriing refrigerator according 
to each embodiment of ttie present invention is herein- 
after described witti reference to tiie drawings. It is noted 
that any component which is the same as or correspond- 
ing to the component of the conventional art described 
in connection with Fig. 1 2 is denoted by tiie same refer- 
ence numeral and description thereof is not repeated 
here. 
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(First Embodiment) 

[0025] Referring to Figs. V5B. a structure of a Stirling 
refrigerator 100A according to a first embodiment is de- 
scril3ed. Fig. 1 is a cross-sectional view showing the en- 
tire structure of Stirling refrigerator 100A. Figs. 2A-4B 
show a structure of an outer yoke assembly 11 and as- 
sembling thereof, and Figs. 5A and 5B show a structure 
of a pistorvsupport-spring support memt)er 14A. 

(Structure of Stirling Refrigerator 100A) 

[0026] Referring to Fig. 1, Stiriing refrigerator 100A 
has a basic structure which is the same as that of Stiriing 
refrigerator 100E described In connection with Fig. 12, 
and a characteristic structure of Stiriing refrigerator 
1 00 A in this embodiment is that an outer yoke assembly 
1 1 is provided as an outer yoke constituting a linear mo- 
tor 16 and that, for fixing a piston support spring 5 and 
a displacer support spring 6 as a first elastic member 
and a secoruJ elastic memk>er respectively, a piston-sup- 
port-spring support member 14A and a displacer-sup- 
port-spring support memi^er 14B supported by outer 
yoke assembly 11 are employed respectively as first- 
elastic-member support means and second-elastic- 
member support means. 

(Structure of Outer Yoke Assembly 11) 

[0027] A structure of outer yoke assembly 11 is de- 
scrit>ed with reference to Figs. 2A-4B. Referring to Figs. 
2A. 2B, 3A and 3B. an outer yoke body 9 has a bobbin/ 
coil 9a in the shape of a ring with a copper wire wound 
around a tx)bbin, and an outer yoke 9b divided into a 
plurality of sections each formed of stacked steel plates 
for the yoke, outer yoke 9b t>eing fixed to the outer sur- 
face of bobbin/coii 9a with an adhesive. 
[0028] Figs. 2A and 2B show a state before outer yoke 
9b is fit on the outer surface of ring-shaped t>obbin/coil 
9a, Fig. 2A showing a structure in plan view and Fig. 2B 
showing a cross-sectional sti^cture along the plane in- 
dicated by arrows IIB-ilB in Fig. 2A. Figs. 3A and 38 
show a state in which outer yoke 9b is fit on the outer 
surface of ring-shaped bobbin/coil 9a, Fig. 3A showing 
a structure in plan view and Fig. 3B showing a cross- 
sectional structure along the plane indicated by arrows 
IIIB-IIIB in Fig. 3A. On the upper surface and the lower 
surface of outer yoke 9b respectively, protrusions 90 are 
provided for defining positions at which an upper holding 
plate 10a and a lower holding plate 10b described here- 
int>elow are to be attached. 

[0029] Referring to Figs. 4 A and 4B, on the upper side 
and the lower side of outer yoke body 9, upper holding 
plate 10a and lower holding plate 10b in tiie shape of a 
ring made of a resin material having a relatively high 
stiffness are attached to hold outer yoke body 9 there- 
between in the axial direction, and thus outer yoke as- 
sembly 11 is completed. Upper holding plate 10a and 



lower holding plate 1 0b have respective depressions 91 
in which protrusions 90 provided to outer yoke 9b are fit 
respectively. Fig. 4A shows a cross-sectional structure 
before upper holding plate 10a and lower holding plate 
5 10b are attached to outer yoke body 9. and Fig. 4B 
shows a cross-sectional structure in the state in which 
upper holding plate 1 0a and lower holding plate 10b are 
attached to outer yoke body 9. 

[0030] Referring again to Fig. 1 . outer yoke assembly 
10 11 structured as descritjed above is fixed with respect 
to cylinder 3 by using bolts (not shown) in such a manner 
that the center of the axis of cylinder 3 and that of outer 
yoke assembly 11 match each other. In order to allow 
the axis center of cylinder 3 and that of outer yoke as- 
15 sembly 11 to match each other, a jig (not shown) is used. 

(Structure of Piston-Support-Spring Support Member 
14A and DIsplacer-Support-Spring Support Member 
14B) 

20 

[0031 ] Referring to Figs. 5A and SB, a structure of pis- 
ton-support-spring support memt>er 14A Is described. 
Fig. 5A shows a stiiicture in plan view and Fig. SB shows 
a cross-sectional structure along the plane indicated by 
25 arrows VB-VB in Fig. 5A. Piston-support-spring support 
member 14A is made of a brass or resin material for 
example and includes a base portion 140 formed of a 
ring-shaped base plate and a support portion 141 sup- 
porting piston support spring 5. Support portion 141 has 
30 a plurality of screw holes 81 for festenirtg piston support 
spring 5 and displacer-support-spring support member 
14B described hereinbelow. 

[0032] As shown in Fig. 1, displacer-support-spring 
support member 14B Is in the shape of a ring having a 
35 uniform tiilckness and made of a brass or resin material 
for example similariy to piston-support-spring support 
member 14A. 

[0033] Pistorv-support-spring support member 14A is 
fixed with respect to upper holding plate 10a of outer 
40 yoke assembly 1 1 with bolts (not shown). For positioning 
of ptston-support-spring support memk>er 14A with re- 
spect to upper holding plate 10a, a jig (not shown) Is 
used. Displacer-support-spring support member 14B is 
also fixed with respect to piston-support-spring support 
45 member 14A witii bolts. 

(Function arid Effect) 

[0034] The Stiriing refrigerator according to this em- 
50 bodiment employs an integral structure of outer yoke as- 
sembly 11 constituting linear motor 16 and having coil/ 
bobbin 9a and outer yoke 9b that are held between up- 
per holding plate 1 0a and lower holding plate 10b to ob- 
tain an integral sti-ength from outer yoke assembly 11 
55 and facilitate handling of outer yoke assembly 11 . 

[0035] In attachment of outer yoke assembly 1 1 to cyl- 
inder 3. outer yoke assembly 1 1 is surely positioned with 
respect to cylinder 3 to make It possible to slmultane- 
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ously position coil/bobbin 9a, outer yoke Sb. piston-sup- 
port-spring support member 14A and displacer-support- 
spring support member 14B with respect to cylinder 3 
and accordingly shorten the cycle time for manufactur- 
ing the Stiriing refrigerator 

[0036] Piston-support-spring support member 14 A 
and displacer-support-spring support member 14B are 
placed at the upper part corresponding to an end in the 
axial direction of linear motor 16 and thus the size of the 
outer shape of casing 15 can be reduced. Accordingly, 
casing 15 can be reduced in thickness in terms of the 
strength of casing 15 and thus the Stirling refrigerator 
can be reduced in weight as well as cost. 
[0037] In addition, while the support member of the 
conventional structure is constituted of a long member 
passing along the side of linear motor 16. resulting in 
accidental deformation of the long member in assembly 
of the Stiriing refrigerator to make it difficult to define the 
center of the axis of each component, such a situation 
can be avoided here. 

(Second Embodiment) 

[0038] Referring to Figs. 6, 7A and 7B. a structure of 
a Stirling refrigerator 100B according to a second em- 
bodiment is descried. Fig. 6 is a cross-sectional view 
showing the entire structure of Stiriing refrigerator 1 DOB, 
and Figs. 7A and 7B show a structure of a support- 
spring support member 14C. 

(Structure of Stirling Refrigerator 100B) 

[0039] As compared with the structure of Stiriing re- 
frigerator 100A in the first embodiment discussed 
above, Stiriing refrigerator 100B of the second embod- 
iment includes a support-spring support memk}er 14C 
instead of piston-support-spring support member 14A 
and displacer-support-spring support member 14B. An 
outer yoke assembly 11 in this embodiment has the 
same structure as that of the Stirling refrigerator 100A 
in the first embodiment. 

(Structure of Support-Spring Support Member 14C) 

[0040] According to this embodiment, a piston sup- 
port spring 5 and a dtspiacer support spring 6 have dif- 
ferent outer shapes respectively, and support-spring 
support member 14C supports both of piston support 
spring 5 and displacer support spring 6. Refening to 
Figs. 7A and 7B, support-spring support member 14C 
has a structure as described below. Fig. 7 A shows a 
structure in plan view and Fig. 7B shows a cross- sec- 
tional structure along the plane indicated by arrows VI- 
IB-VllB in Fig. 7A. Support-spring support member 14C 
has a base portion 140 formed of a ring-shaped base 
plate, as well as a support portion 141 supporting piston 
support spring 5 and a support portion 142 supporting! 
displacer support spring 6 having respective outer 



shapes different from each other and being attached at 
different heights respectively. Support-spring support 
member 14C is made of a brass or resin member for 
example. Further, support portions 141 and 142 have a 
s plurality of screw holes B1 for fixing piston support 
spring 5 and displacer support spring 6. 

(Function and Effect) 

10 [0041] The Stiriing refrigerator of the second embod- 
iment also achieves the function and effect similar to 
those of the first embodiment as discussed above. 
Moreover, piston support spring 5 and displacer support 
spring 6 are formed differently in outer shape and are 

IS fixed at different positions and accordingly, it never oc- 
curs that one of the fastening parts at which piston sup- 
port spring 5 and displacer support spring 6 are respec- 
tively fastened influences the other fastening part. 



[0042] Referring to Figs. 8, 9A and 98. a Stiriing re- 
frigerator 100C of a third embodiment has a structure 
as described k^elow. Fig. 8 Is a cross-sectional view 
25 showing the entire stnjcture of Stiriing refrigerator 1 0OC 
and Figs. 9A and 9B show a structure of a support- 
spring support memk)er 14D. 



[0043] As compared with the structure of Stiriing re- 
frigerator 100B of the second embodiment discussed 
above, support-spring support member 14D of Stiriing 
refrigerator 100C of the third embodiment has post- 
35 shaped support portions for supporting a piston support 
spring 5 and a displacer support spring 6. An outer yoke 
assembly 11 here has the same structure as that of Stir- 
iing refrigerator 100A of the first emt)odiment. 

40 (Structure of Support-Spring Support Member 14D) 

[0044] Referring to Figs. 9 A and 9 B. support-spring 
support member 14D has a structure as described be- 
low. Fig. 9A shows a structure in plan view and Fig. 9B 
45 shows a cross-sectional structure along the plane indi- 
cated by arrows IXB-IXB in Fig. 9A. According to the 
third emtxxJiment, as compared with support-spring 
support member 14C of the above-discussed second 
emlsodiment. support portions 141 and 142 for piston 
50 support spring 5 and displacer support spring 6 are pro- 
vided at post-shaped portions 143 and post-shaped por- 
tions 143 are provided at four places at 90°-pitches. It 
is noted that the number and placement of post-shaped 
portions 143 are not limited to those of the third emt>od- 
55 iment and are appropriately selected in temns of design 
on the corKlition that piston support spring 5 and dis- 
placer support spring 6 can k>e supported in a stable 
state. 



20 (Third Embodiment) 



(Structure of Stiriing Refrigerator 100C) 
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(Function and Effect) 

[0045] The Stirling refrigerator according to the third 
embodiment also achieves the function and effect sim- 
itar to those of the first and second eml3odlments dis- 
cussed above. Moreover, as support portions 141 and 
142 are provided at post-shaped portions 143. working 
efficiency in attachment of piston support spring 5 and 
displacer support spring 6 can be improved. Further, the 
Stirling refrigerator can be reduced in weight. 

(Fourth Embodiment) 

[0046] Referring to Figs. 10, 11 A and 11 B. a Stirling 
refrigerator 1 0DD of a fourth embodiment has a structure 
as described below. Fig. 10 is a cross-sectional view 
showing the entire stnjcture of Stiriing refrigerator 100D 
and Fig. 11 shows a structure of a support-spring sup- 
port member 14E. 

(Stnjcture of Stirling Refrigerator 100D) 

[0047] As compared with the structure of Stiriing re- 
frigerator 100C of the third embodiment discussed 
above, Stiriing refrigerator 100D of the fourth embodi- 
ment similariy has post-shaped support portions for sup- 
porting a piston support spring 5 and a displacer support 
spring 6, while an upper holding plate 10a constituting 
an outer yoke assembly 11 Is formed at a base 140 
formed of a ring-shaped base plate. 

(Structure of Support-Spring Support Member 14E) 

[0048] Referring to Figs. 1 1 A and 1 1 B, support-spring 
support member 14E has a structure as descrit>ed be- 
low. Fig. 11 A shows a structure in plan view and Fig. 
11 B shows a cross-sectional structure along the plane 
Indicated by arrows XIB-XIB in Fig. 11A. According to 
the fourth embodiment, as compared with support- 
spring support member 14D of the above-discussed 
third emt>odiment, a base 140 further serves as upper 
holding plate 10a constituting outer yoke assembly 11 
by forming a depression 91 in which a protrusion 90 pro- 
vided to an outer yoke 9b is fit, integrally with base 140. 

(Function and Effect) 

[0049] The Stiriing refrigerator of the fourth embodi- 
ment also achieves the function and effect similar to 
those of the first to third embodiments discussed above. 
Moreover, by employing the integral structure in which 
upper holding plate 10a is integrally formed with sup- 
port-spring support member 14E. the number of com- 
ponents can be reduced. 

[0050] The embodiments disclosed above should be 
taken by way of Illustration and example and not by way 
of limitation in terms of every respect. The scope of the 
present Invention is defined not in the description above 
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but in the appended claims and it is intended that the 
same includes all of modifications and variations equiv- 
alent in the meaning and within the scope of the inven- 
tion. 

5 

Industrial Applicability 

[0051] The Stiriing refrigerator according to the 
present invention has a pair of ring-shaped holding 

10 members to achieve an integral structure having the 
coil/bobbin and the outer yoke of the outer yoke body 
constituting a linear motor that are held between the 
holding members. Accordingly, in assembly of the Stir- 
ling refrigerator, the integral strength can be obtained 

IS from the outer yoke assembly to facilitate handling of 
the outer yoke assembly. 

[0052] Moreover, the first-elastic-member support 
means and the second-elastic-member support means 
can be placed at an upper part of the linear motor to 
20 reduce the size of the outer shape of the casing. I n terms 
of the strength of the casing, the thickness of the casing 
can thus be reduced and the Stiriing refrigerator can be 
reduced In weight and cost. 

25 

Claims 

1 . A Stiriing refrigerator comprising: 

30 a casing (15); 

a cylinder (3) provided in said casing (15); 
a piston (1) provided in said cylinder (3) to be 
made movable In a reciprocating manner in the 
axial direction of said cylinder (3) by a linear 

35 motor ( 1 6) provided on an outer surface of said 

cylinder (3); and 

a displacer (2) provided in said cylinder (3) to 
form a compression space between itself and 
said piston (1) in said cylinder (3) and to be 
^0 movable in a reciprocating manner in the axial 

direction, 

said linear motor (16) including 
an inner yoke (13) provided on the outer sur- 
face of said cylinder (3). 

45 an outer yoke assembly (9) provided to said 

casing (1 5) to enclose said inner yoke (13), and 
a permanent magnet (12) placed in a gap be- 
tween said inner yoke (13) and said outer yoke 
assembly (9) and coupled to said piston (1), 

so and 

said outer yoke assembly (9) including 

a tx)bbin/ooil (9a) placed to face said Inner yoke 

(13), 

an outer yoke (9b) provided to cover said k>ob- 
55 bin/coil (9a) from said casing and in the axial 

direction, and 

a pair of ring-shaped holding members (10a 
10b provided to hold said outer yoke (9b) ther- 
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ebetween in the axial direction. 

2. The Stiriing refrigerator according to claim 1 , further 
comprising: 

5 

piston support means (5. 14A) for elastically 
supporting said piston (1) with respect to said 
casing (15) to make said piston (1) movable In 
a reciprocating manner in said cylinder (3); and 
displacer support means (6, 14B) for elastically 
supporting said displacer (2) with respect to 
said casing (1 5) to make said displacer (2) mov- 
able in a reciprocating manner in said cylinder 
(3), wherein 

15 

said piston support means (5. 14A) includes 

a first elastic member (5) coupled to said piston 

(1). and 

first-elastic-member support means (14A) for 20 
supporting said first elastic member (5) and 
fixed to an end in the axial direction of said outer 
yoke assembly (9), and 

said displacer support means (6» 14B) includes 25 



members (10a, 10b) is provided integrally with said 
ring-shaped base plate (140). 



a second elastic member (6) coupled to said 
displacer (2), and 

second-elastic-member support means (14B) 
for supporting said second elastic memt)er (6) 30 
and fixed to the end in the axial direction of said 
outer yoke assembly (9). 



3. The Stirling refrigerator according to claim 2. where- 
in 35 
said first elastic member (5) and said second elastic 
memt}er (6) are substantially disk-shaped, and 

said first elastic member (5) has an outer diameter 
smaller than that of said second elastic memt>er (6) 
and said first-elastic-member support means (14A) ^0 
is placed at a height lower than that of said second- 
elastic-member support means (14B). 

4. The Stiriing refrigerator according to claim 3, where- 
in 45 
said first-elastic-member support means (14A) and 
said second-elastic-member support means (14B) 
are provided at a ring-shaped base plate (140). 

5. The Stiriing refrigerator according to claim 4, where- so 
in 

said first-elastic-member support means (14A) and 
said second-elastic-memt>er support means (14B) 
are post-shaped. 



The Stiriing refrigerator according to claim 4, where- 
in 

one holding member (10a) of said paired holding 



55 



7 



EP 1 347 252 A1 



FIG.1 




la 3a 1 13b 5 



100A 



8 



EP 1 347 252 A1 



FIG.2A 
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FIG.3A 
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FIG.7A FIG.7B 
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